Objectives. To examine the all-cause mortality rate and factors associated with mortality in US veteran men with RA.
Introduction
RA is a chronic inflammatory disease affecting 0.5-1% of the population, a condition that is associated with significant morbidity, work-related disability and mortality. Despite the use of increasingly aggressive therapeutic approaches and the availability of novel and highly effective treatment options, the mortality rate for patients with RA has remained relatively constant over the past several decades [1, 2] . Pooled standardized mortality ratios (SMRs) for RA range from 1.6 to 1.8 [1, 2] , underscoring the higher mortality for RA patients compared with the general population. Reflecting the demographics of RA, most studies examining disease-related mortality and determinants of mortality have included primarily women. The lack of mortality studies in men with RA represents an important knowledge deficit because available data, albeit limited, suggest that men with RA have disproportionately higher mortality rates than women with RA [3] .
Veterans Affairs (VA) hospitals and clinics, which provide comprehensive health care for eligible military veterans, represent the single largest integrated health system in the USA. Although serving a growing number of veteran women, >90% of its beneficiaries are men. The VA Health System includes >150 hospitals and in excess of 800 ambulatory care clinics across the USA, currently providing health care for >5 million US military veterans [4] . Although its prevalence in the VA has not been precisely defined, it has been estimated that the VA currently provides care for >100 000 RA patients based on available claims data and corresponding diagnostic codes (personal communication: J. Curtis, 1 March 2010, Birmingham VAMC). Although the VA represents one of the single largest health providers in the USA for patients with RA, investigations of health outcomes in this population are limited and to date, there have been no studies of RA-related mortality in US veterans. This is particularly relevant since veterans with RA are older and have substantial comorbid illness [5] , factors that are associated with greater disease-specific mortality [6] .
In addition to male gender, determinants of higher mortality in patients with RA have included several measures of disease activity and severity in addition to poor functional status and lower educational levels [7] [8] [9] [10] [11] [12] [13] [14] [15] . Recognizing that most prior studies have been conducted in populations consisting mostly of women, determinants of mortality risk in men with RA, specifically those receiving health care in the VA, remain unknown. With an ageing and predominantly male patient population with high rates of prevalent comorbidity, the VA represents a unique study population for the study of chronic disease outcomes. In this study, we sought to examine the mortality rate as well as factors associated with mortality risk in men participating in the longitudinal Veterans Affairs Rheumatoid Arthritis (VARA) Registry.
Materials and methods

Study subjects
The VARA Registry is a longitudinal observational study of US veterans with RA [16] [17] [18] . In addition to serving as a biological repository with banked DNA, serum and plasma collected at the time of study enrolment, VARA includes clinical data that are collected both at baseline and at subsequent rheumatology clinic visits, which are dictated by usual care. Initiated in October of 2002, VARA is a multicentre effort that to date involves collection sites at nine VA Medical Centres across the USA (Brooklyn, NY; Dallas, TX; Denver, CO; Iowa City, IA; Jackson, MS; Omaha, NE; Portland, OR; Salt Lake City, UT; and Washington, DC, USA). All VARA participants satisfy the ACR classification criteria for RA [19] and all have a disease onset after 18 years of age. Eligible patients are systematically enrolled from participating rheumatology clinics with RA patient characteristics that are reflective of the national VA population [5] . The VARA Registry has received Institutional Review Board (IRB) approval at each site, and all study subjects provide written informed consent before enrolment. All ancillary studies require approval from the VARA Scientific Ethics and Advisory Committee. In addition to having IRB approval, this study was also approved by the VARA Scientific Ethics and Advisory Committee.
For these analyses, patients from three recently added VARA enrolment sites with limited patient follow-up and no recorded deaths were excluded from the analysis. Given the younger age of women compared with men (55 vs 67 years at enrolment) and the relatively small proportion of women enrolled in VARA (<10% of total participants), all analyses were restricted to men.
Clinical measurements
At each clinic visit, VARA participants undergo a standardized examination that includes tender and swollen joint counts (0-28 joints), a provider global assessment [measured using a 100-mm visual analogue scale (VAS)] and an ESR measurement. Patient-reported outcomes collected at each visit include a self-reported pain score (0-10), a patient global well-being score (100-mm VAS) and a 10-item multidimensional HAQ (MD-HAQ; range 0-3) [20] . Medication use, the presence of comorbid health conditions and individual ACR criteria (including RF positivity, the presence of rheumatoid nodules and radiographic damage) are recorded at enrolment and updated at all subsequent clinic visits. Information regarding medication dose (daily or cumulative) is not routinely collected as part of VARA. Additional variables collected at enrolment include socio-demographics (age, gender, self-reported race and education), date of RA diagnosis, smoking status (current, former or never) and BMI. Anti-CCP antibody (immunoglobulin G) is measured on banked serum collected at enrolment using a second generation ELISA (Diastat; Axis-Shield Diagnostics Ltd, Dundee, UK; positivity 55 U/ml) [17] . Both RF (positive, 515 IU/ml) and high-sensitivity CRP (hsCRP; mg/l) are determined by nephelometry (Siemens Healthcare Diagnostics, Munich, Germany) [17] .
Vital status
For the present study, patients were followed longitudinally from time of enrolment to June 2009, and all deaths were identified through systematic review of the VA Computerized Patient Record System (CPRS). Mortality events were captured by yearly CPRS abstraction, next of kin notification or by periodic regional VA surveillance. All VA beneficiaries are tracked for vital status and death benefit eligibility using social security numbers on a quarterly basis by the VA. In the absence of death, patients were censored at the time of their last documented follow-up in the VA health system. Cause of death was not systematically available for decedents and therefore not subject to further study. A crude mortality rate was calculated by dividing the total number of deaths by the cumulative person-years of observation-where the at-risk period included elapsed time from VARA enrolment to the time of death or censoring. Age-adjusted associations of the aforementioned patient factors (socio-demographics, comorbidity, measures of disease activity and other disease characteristics) with mortality were examined using Cox proportional hazards regression. Additional factors examined included age at RA onset, disease duration, rheumatology clinic visit frequency and 28-joint DAS (DAS-28) [21] . Race was categorized as Caucasian vs non-Caucasian while educational status was examined as high school graduate (512 years of education) vs less than high school graduate. Comorbidity was examined using a count of prevalent diabetes mellitus, coronary artery disease, cerebrovascular disease, hypertension, hyperlipidaemia, depression, chronic obstructive and interstitial lung disease and chronic kidney disease (range of scores 0-9). To account for co-linearity in patient-reported outcomes, we examined associations of the Routine Assessment of Patient Index Data (RAPID)-3, a composite disease activity measure that incorporates the MD-HAQ, pain and patient global well-being [22] .
In our primary analyses, we examined the associations of patient factors at the time of enrolment and as time-varying covariates for measures of disease activity (ESR, DAS-28, etc.), disease severity (nodules, radiographic damage) and treatments (e.g. prednisone, MTX, etc.). An S.E. adjustment was applied to all models to account for observation clustering by enrolment site (n = 6 sites). A multivariate Cox regression model was then constructed with age, race and comorbidity count forced into the model based on their anticipated significance. Results were reported as a HR with 95% CI. All variables with P < 0.1 during the initial univariate analysis were entered into a multivariate model with stepwise removal until all remaining variables had a P < 0.05.
To examine the durability of treatment effects in sensitivity analyses, we replaced time-varying use of MTX and prednisone with baseline use of these agents in our multivariate model. To further assess whether our results could be impacted by loss of follow-up and subsequent misclassification of vital status, all individuals lost to follow-up for 52 years were reclassified as being deceased with a date of death corresponding to 2 years after their last clinical observation. All analyses were performed in Stata v10.1 (StataCorp, College Station, TX, USA).
Results
Patient characteristics
A total of 1015 men with RA were enrolled in the VARA Registry from 2002 through June 2009. Baseline patient characteristics, including those for decedents and survivors, are summarized in Table 1 . The mean (S.D.) age at enrolment in this cohort was 65 (11) years, with a mean disease duration of 12 (12) years. Approximately 80% of patients were Caucasian with 81 and 76% of patients positive for RF and anti-CCP antibody, respectively. Veterans in our cohort exhibited high levels of comorbid illness [including diabetes mellitus (22%), cardiovascular disease (24%), chronic obstructive pulmonary disease (22%) and depression (13%)], and 82% of patients reported either current or former cigarette smoking.
Overall mortality and SMR
A total of 138 patients died during 2314 patient-years of follow-up [mean follow-up period of 2.3 (1.5) years]. This corresponds to a crude mortality rate of 5.9 deaths (95% CI 5.0, 7.0) per 100 person-years of follow-up. When compared with men in the general population, we noted a substantially higher age-adjusted SMR of 2.1 (95% CI 1.8, 2.5) among male veterans with RA.
Age-adjusted associations with mortality Age-adjusted associations of patient factors with mortality risk in men with RA are shown in Table 2 . There were significant associations of increased mortality risk in RA patients with Caucasian race (vs non-Caucasian race), current smoking history (vs never smoking), rheumatology clinic visit frequency, disease duration, increased disease activity (as defined by DAS-28, ESR, hsCRP and RAPID-3), autoantibody seropositivity, higher MD-HAQ scores reflecting lower levels of physical functioning and ongoing prednisone use. Higher BMI values and MTX use (the latter with and without combination anti-TNF therapy) were associated with a significantly lower mortality risk. Associations of mortality with other DMARDs commonly used in the treatment of RA (SSZ, HCQ, LEF, anti-TNF or any biologic therapy) did not reach statistical significance in age-adjusted analyses.
Multivariate associations with mortality
Multivariate associations of patient factors (modelling medications and measures of disease activity and severity as time varying) with mortality risk are shown in Table 3 was associated with a lower mortality risk (Table 3) . Likewise, BMI showed a significant inverse association with mortality risk (HR 0.95; 95% CI 0.93, 0.97), an association that appeared to be primarily related to the higher mortality rates observed in underweight individuals (BMI <20 kg/m 2 ). SMRs and corresponding CIs based on patient subgroups defined by BMI category, ESR quartiles, MTX and prednisone use are shown in Fig. 1 
Discussion
We have shown that men with RA receiving health care in the VA Health System experience more than twice the mortality of men in the general population, confirming previous observations of a marked increase in the death rate HRs and 95% CIs calculated using Cox proportional hazards regression; age, race, BMI and comorbidity forced into model; model developed using backwards regression, entering all variables with P < 0.1 into model; all remaining P-variables with P < 0.05. www.rheumatology.oxfordjournals.org among subjects with RA. Recognizing limitations of comparing results across studies, excess mortality among male veterans with RA (with an observed SMR of 2.1) exceeds previous pooled estimates from other RA populations [1, 2] . In a recent systematic review, Sokka et al. [1] reported a median SMR of 1.63 after pooling data from 31 non-inception cohort studies of RA conducted between 1953 and 2008. To our knowledge, ours is the first study to focus entirely on a large, well-characterized population of men. This unique aspect of our study is significant as men appear to experience greater diseaserelated reductions in survival than women [3, 9] . Moreover, at least one previous population-based study found that the mortality gap in RA, defined as the difference in age-adjusted mortality in RA vs the general population, continues to increase in men while this gap has stabilized over the previous decades in women [23] .
In addition to defining the impact of prevalent RA on survival, we examined a number of possible determinants of mortality and found that select measures including socio-demographics, BMI, measures of disease activity/ severity and medication use are independently associated with mortality in this unique patient population. Factors associated with mortality included not only nonmodifiable factors such as older age and race, but also included a number of potentially modifiable factors that could ultimately serve as targets in efforts to reduce the widening mortality gap in men with RA. Potentially modifiable factors associated with RA mortality risk in this study included measures of disease activity (ESR and RAPID-3), RA treatments, BMI and the presence of subcutaneous nodules. Along with prior reports, our results suggest that optimizing disease control, particularly with regimens that incorporate MTX [24] [25] [26] but minimize glucocorticoid exposure [27] [28] [29] , could have an important benefit on long-term disease-related survival. Our findings are consistent with other RA studies showing associations of increased disease activity with mortality risk, studies that have examined the predictive value of numerous measures including the presence of subcutaneous nodules and other extra-articular disease features, autoantibody status, measures of acute-phase response, composite measures of disease activity and several other patient-reported outcome measures [7] [8] [9] [10] [11] [12] [13] [14] [15] . Perhaps counter-intuitively, we found that BMI was inversely associated with mortality risk, an association that was driven ). This could reflect the presence of rheumatoid cachexia, weight loss and anorexia reflecting long-standing and suboptimally controlled inflammation in RA [30, 31] . It is also possible that other factors mediating weight loss in RA, such as the increased expression of select pro-inflammatory cytokines, could more directly explain this association. Kremers et al. [32] have previously shown that RA patients with low BMI are more than three times as likely as non-RA subjects with normal body weight to experience a cardiovascularrelated death.
The impact of therapy on RA mortality has been evaluated, with substantial attention given to the survival benefit associated with MTX use. Our findings indicate an 40% significant reduction in mortality risk associated with MTX use, a benefit that is independent of other confounders including measures of disease activity. This corroborates previous work in which MTX was shown to decrease overall mortality by as much as 60-80% [24, 25] , a benefit that appears to operate primarily through a significant reduction in cardiovascular-related deaths [26] . In contrast to the protective association with MTX, glucocorticoid use was associated with a 40% increased mortality risk in this population, a detrimental effect reported in other RA cohort studies [27] [28] [29] . Whether glucocorticoid use simply serves as a surrogate for more severe and inadequately controlled inflammation or has other direct detrimental physiological effects (i.e. increased dyslipidaemia, hypertension, etc.) that impact mortality risk remains to be defined. These results should be interpreted with caution. Although we adjusted for factors likely influencing treatment patterns (age, comorbidity and disease activity), it is possible that the observed associations reflect changes in treatment prescribing patterns towards the end of life, a time in which health care providers may opt away from DMARDs and more readily use prednisone as a salvage therapy. The differences in risk observed between baseline and time-varying treatments show that the associations are most robust with proximate use.
There are methodological issues that must be considered in interpreting results from investigations examining RA-related mortality [1, 2] . In a pooled analysis of 18 cohort investigations, Ward reported a mean SMR of 1.70 across studies [2] . In this analysis, there were important study-related differences in SMRs based on the populations studied and the year of publication with lower mortality burdens in more recently completed studies, findings that were recently corroborated in a review from Sokka et al. [1] . After adjusting for study year, Ward [2] observed the highest mean SMRs in studies of noninception cohorts (mean SMR 1.69) and studies that included clinic-based samples (mean SMR of 1.60). It is important to recognize that the RA-related SMR observed in our study, using a non-inception VA cohort, exceeded the median SMR for other clinic-based studies reported by Sokka et al. [1] (median SMR of 1.65) and even exceeded the median SMR for earlier studies reported from the period of 1953-1994 (median SMR of 1.86). It is possible that the higher SMR observed in our study reflects systematic differences in the veteran population examined, characteristics that include relatively high rates of cigarette smoking, obesity and comorbid illnesses including hypertension, cardiovascular disease, diabetes and chronic lung disease. Other factors unique to this population could also impact our results including differences in medication and treatment adherence and relatively high rates of post-traumatic stress disorder reported in the VA [33, 34] , attributes that could adversely affect mortality risk. Although it would be informative to generate SMRs using veterans without RA as the referent population, the life tables required for these calculations are not currently available.
There are limitations to this study. These findings are not generalizable to other populations including women (veterans and non-veterans alike) and non-veteran men with RA. The ascertainment of vital status in this study involved systematic review of the electronic medical record, which in turn relies on next-of-kin notifications and periodic regional surveillance in the VA. This method may lack sensitivity [35, 36] , suggesting that our results are likely to underestimate the true mortality burden in this patient group. This method of classifying vital status also did not provide the opportunity to examine specific cause of death, efforts that would greatly inform future mortality analyses in this population. Based on results from other RA populations [37] [38] [39] and studies of older US veterans [40, 41] , we anticipate that cardiovascular disease likely accounted for a significant proportion of the excess mortality observed. In addition to resulting in a possible underestimation of overall RA-related mortality, reduced sensitivity in our method of measuring vital status could have contributed to the racial differences observed, findings that were not expected, with Caucasians experiencing twice the mortality risk of non-Caucasians. Indeed, the possibility that misclassification played a role in this finding is supported by results of our sensitivity analysis where the effect of race was substantially attenuated and rendered non-significant when individuals lost to followup were reclassified as being deceased. Recognizing these limitations, there are substantial strengths to this study. To our knowledge, this is the largest investigation to date evaluating the mortality burden and factors associated with mortality in men with RA. In contrast to other studies reliant solely on the use of billing or claims data for case identification, often lacking in disease specificity, the VARA includes patients with RA cases identified using gold-standard diagnostic criteria. Moreover, VARA combines longitudinal patient-and provider-reported outcomes with elements of administrative claims data and standardized serological assays, allowing for one of the most comprehensive assessments of mortality risk factors in RA to date.
Although men constitute up to one-fourth to one-third of all RA cases, there has been a paucity of data with regard to survival outcomes and predictors of all-cause mortality in men with RA. We have shown that men with RA www.rheumatology.oxfordjournals.org receiving health care in the VA experience more than twice the mortality of men in the general population and, in the process, have identified potential modifiers of mortality risk that include RA disease activity and severity in addition to select RA-related treatments.
Rheumatology key messages
. Male veterans with RA experience twice the mortality of men in the general population. . Disease activity and prednisone use are associated with higher mortality in men with RA. . MTX is associated with an 40% lower mortality risk in men with RA.
